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Abstract 

Azimuthal asymmetry of vector-meson production in single-transversely polarized 
proton-proton collisions {p\p) is calculated in the string model of particle production. The 
asymmetry is generated only during fragmentation of a high-energy quark into hadrons. 
The obtained asymmetry of the is opposite in sign to that of tt^ mesons. On the other 
hand, an asymmetry appearing during parton scattering would contribute with the same 
sign to that of vector and pseudoscalar mesons. Thus, a combined measurement of both 
can be used to estimate the contribution to the asymmetry from parton scattering. 
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Introduction 

Measurement of single transverse-spin azimuthal asymmetries of particle production in p\p 
collisions can provide information about transversely polarized quark distributions in the 
proton [1]. However, to extract information about the latter from the experimental data, 
one has to know the mechanism generating the asymmetry. It has been shown recently [2] 
that the asymmetries of pion production measured by the E704 experiment in the forward 
region can be explained by the Collins effect [3], i.e. the asymmetry appearing at the 
level of the fragmentation of a transversely polarized high-energy quark into hadrons. In 
Ref. [2] the string model was used to describe the fragmentation, and the polarization 
effects were parametrized as prescribed by the Lund model [4]. Positive asymmetry was 
obtained for tt^ and 7r° production and negative for tt", resulting from upward (downward) 
polarizations of the u (d) valence qark in the proton polarized upwards. 

Different mechanisms leading to the azimuthal asymmetry arc however possible. Szwed 
has shown [5,6] that the asymmetry can appear due to double gluon exchange during 
scattering of a quark on an external strong field. This asymmetry vanishes at a sufficiently 
high energy due to chiral symmetry and the resulting helicity conservation. Nevertheless, 
it can be measurable at finite energies. 

In this note we present a method of distinguishing between the two scenarios. We 
calculate the asymmetry for vector mesons along the lines of Ref. [2] . This asymmetry 
appears to be opposite in sign to that of pions. On the contrary, if the asymmetry were 
determined at the hard or semi-hard scattering, like in the approach of Szwed, then the 
asymmetries of pseudoscalar (PS) and vector (V) mesons would not differ strongly. 

To be more precise, we consider the reaction: 

p^i+p^h + x, (1) 

where j refers to the projectile proton polarized vertically upwards (parallel to the y axis) 
if the beam momentum points in the z direction. The produced hadron h carries the 
fraction xp = '^Pz/y/s of the center-of-mass longitudinal momentum and the transverse 
momentum p±. In measurements of the asymmetry, the polarized cross-section da-^ is 
assumed to behave as 



da^{xF,p±) = da{xF,P±)[l + An{xf,P±) cos(0)], (2) 

where da denotes the unpolarized cross-section. This defines the asymmetry An- (p is the 
azimuthal angle of the transverse momentum p± of the hadron, measured with respect to 
the X axis. 

If one assumes factorization, the cross-section for the reaction (1) can be written 
as a convolution of the parton distribution functions Gq/p{x, q±) and Gr/p{y,ri) in the 
projectile and the target protons, the cross-section da for the parton scattering q + r ^ 
q' -\- r' and the fragmentation function Dj^jqi of the quark q': 
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The summation over the flavours of g, g', r and r' is understood. Vq is the polarization 
vector of the quark q. Its magnitude is defined by the transversity distribution [7]: 
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The spin effects have been included by the dependence of -D/i/g on Vq' (Collins effect) and 
of da on Vq (Szwed effect). The polarization Vq' of the scattered quark q' does not differ 

— * 

strongly from Vq since the depolarization factor is close to unity at typical small scattering 
angles 9 [3]. 

Theoretically, two extreme cases could be defined: 

a) the asymmetry appears only in the fragmentation function as calculated in Ref. [2]. It 
manifests itself in a dependence of the fragmentation function D/^/g/ on the azimuthal 

— * 

angle of the transverse momentum h± of the hadron h. This is the case of the high- 
energy limit since any asymmetry appearing at the parton level (in da) must vanish 
in that region due to chiral symmetry. In this case the asymmetry can depend on 
whether h is a PS or a V meson. 

b) the asymmetry appears only at the parton level i.e. da depends on the azimuth (p of 
the parton scattering plane. It has been shown by Szwed in [5] that this mechanism 

can lead to significant asymmetries at the beam energy of the order of 10 - 20 GeVt. 
Here, if the flavoiu- of q (and also Vq) is defined, the final asymmetry does not depend 
on whether h is a PS or a V meson. This, at high xp, means that the asymmetries of 
e.g. and are close to each other since both mesons origin from fragmentation 
of a u quark polarized equally in both cases. 
In the reality, one can expect a mixture of the two effects with the second one vanishing at 
a sufficiently high energy. We shall concentrate on the case a) and calculate the asymmetry 
of vector mesons therein. 

Asymmetry of pions 

For the production of pions, it was assumed in [2] that the cross-section for the reaction 
(1) can be divided into three parts: 
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(5) 



t In Ref. [5] the factorization-breaking recombination model of fragmentation was used. 
In that approach, both the quark and the antiquark forming the produced meson originate 
from the projectile proton. They scatter independently but each of them feels different 
Coulomb field. 



2 



with the successive terms being contributions from observing a leading hadron of a string 
spanned by a quark coming from the projectile, a nonlcading one of that string and a 
nonleading particle of the string spanned by the remnant projectile diquark (the leading 
hadron of that string is a baryon). The asymmetry appears in the first term: 



•^Ttot 



p^TT rank=l 



dXF(Ppj 



quark q=u 



J2 J dxdzd^q^d^q^Gg{x,q^) Dl)f=\z) 



x^(l-Vg- VSaS) p{Q±) K^f - xz) 5\p^ - - 1^), (6) 

where Z^^'^nk^i denotes the part of the fragmentation function corresponding to the leading 
meson, 

P(l±) = -expf-7r^') (7) 



K \ K 



is the distribution of the transverse momentum of the antiquark q of the rank-one qq pair 
produced in the string; k is the string tension. The production of the subleading hadrons 
(the second and the third term in Eq. (5)) are assumed to be azimuthally symmetric. 
Those two remaining terms have a form similar to Eq. (6); they have the nonleading parts 
of the fragmentation function D^^"^^ - ^ and do not have the polarization factor (1—Vq-Vq). 
No parton scattering is included in Eq (6). 

Vq is the polarization of the leading quark q. The polarization Vq of the antiquark 
created in the string is correlated to its transverse momentum q^: 



2 q^{z X g^ ) 
K^2q\ 



A = - :::.. (8) 



according to the Lund model prescription [4] . This causes the azimuthal asymmetry which 
arises in (6) due to the term 

^ (1 - n • (9) 
corresponding to the probability that q and q form a spin-singlet state. 



Asymmetry of vector mesons 

The corresponding probability of forming a spin-1 state is 

+ (10) 
Thus, the leading quark contribution to the p- meson production reads: 
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One can notice that here the asymetry is opposite in sign and smaller by the factor | in 
magnitude than that of the PS mesons. 

The formulae (6) and (11), as they stand, would give the PS to V meson production 
ratio equal 1 : 3 if the fragmentation functions Dt^ and Dp were identical. This is due to 
factors I and | in (9) and (10). In the string model, the fragmentation functions for PS 
and V mesons contain another factors compensating those in (9) and (10) so that the final 
PS:V ratio becomes 1:1. They arise due to the larger mass of the V mesons. In any case, 
they do not influence the asymmetry since they appear equally in all the three terms in 
the cross-section (5). 



Results 

In the calculation of the asymmetry we used the same parameters as in Ref. [2] . We used the 
quark distribution functions Gy^/p{x, q±) = 2G(i/p{x, q±) = |a;^/^(l —x)p{q±)] the intrinsic 
transverse momentum distribution was assumed to be the same as the tunneling transverse 
momentum distribution (7) in the string. We used the string tension k = 0.17 GeV^ and the 
flavour-abundance ratio in pair production was taken to he u : d : s — 3 : 3 : 1. The used 
string splitting function was that of the Standard Lund model, f{z) — (1-|-C)(1 — 2;)*-" , with 
C = 0.3. The leading part of the fragmentation function is D'^f^J^^^^ (z) — Chf{z), where 
is an appropriate flavour factor [2]. As motivated by the results of [2] and comparison to 
the data [8,9] we took the maximal possible polarizations of the u and d valence quarks in 
a transversely polarized proton: Vu = +1 and = — 1 at x = 1. 

In Fig. 1 we show the results obtained for the asymmetry A^v of the mesons 
production, at 200 GeV beam momentum, compared to that of the charged pions coming 
from the Ref. [2] . The pion data of the E704 collaboration [8] are also shown. The full and 
the dashed lines correspond to different dependences of the quark transversity Vq on the 
momentum fraction x. They were chosen to be decreasing towards small x as and x, 
respectively. These parametrizations gave in [2] the best agreement with x^-dependence 
of the data. The cuts are the same for p mesons as for the pions and correspond to the 
experimental ones. The asymmetry of the p° mesons is shown in Fig. 2 also compared to 
that of 7r° and to the data [9]. The asymmetries are here smaller than in the case of the 
charged mesons. Nevertheless, a measurement of po can be easier. 

As already argued, the ratio of the asymmetries 
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is equal — |. It would be of large interest to verify this prediction experimentally. 

This result is more general than the used model. One can expect such a ratio in any 
calculation where the asymmetry arises in fragmentation due to a correlation between the 
spin and the transverse momentum of the antiquark accompanying the leading quark to 
form the meson and where the nonrelativistic quark model is assumed for this meson. 



Asymmetry of parton scattering 

Violating the rule (12) can be an indication of appearing of the Szwed effect [5,6] i.e. 
significant asymmetry in parton scattering. In that model, originally constructed to de- 
scribe the polarization of hypcrons A [6] , the asymmetry of a transversely polarized quark 
scattered on a Coulomb-like field is given by: 

mfesin^(g/2)ln[sin(g/2)] k x k' 
A,^,, - zusas ^ ^2 cos2(^/2)] cos(^/2) \k x k'\ ^ ^ 

where m, k and k' are the mass, the initial and the final momentum of the scattered quark 
and k — \k\. 9 is the scattering angle in the frame where \k\ — \k'\. Cs is the constant 
characterizing the external strong field. The sign of the asymmetry depends on the sign of 
the constant Cs in (13) or on whether the field source is "quark-like" or "antiquark- like" . 
In the first case Cs is positive and the asymmetry Aq^q> negative, in the latter Cs is 
negative and Aq^q' positive. It would be interesting to see what the asymmetry is in 
quark-gluon scattering. The formula (13) comes from a second-order calculation in QED 
and can only have intuitive meaning for the strong interactions. 

Hence, if the asymmetry of quark scattering is treated as a correction to that of 
fragmentation, -Rp/jr < — | will mean negative Aq^q' or scattering off a "quark-like" field 
and — I < Rp/ir < will mean positive Aq^q' and "antiquark-like" field. As explicitly 
seen from Eq. (13), at sufficiently high energy (A; ^ m) the asymmetry of quark scattering 
vanishes. The energy scale where it appears can be an interesting hint about the scale of 
the masses of partons being scattered in a pp collision. 

Rp/iT ¥^ ~\ could also mean a violation of the nonrelativistic quark model, from which 
formulae (9) and (10) come form. If this were the case, then the high-energy limit of Rp/-p- 
could be taken as the reference value, instead of — | and the above analysis could be also 
made. 



Conclusions 

To summarize, we have calculated the single spin asymmetry of p meson production in p|p 
collisions in the framework of Ref. [2] , where the asymmetry of pions has been obtained. 
The asymmetry was generated only in the fragmentation function. The two asymmetries 
are found to by opposite in sign, the ratio of that of p to that of tt being -1/3. Violating 
this rule can indicate a significant contribution from the asymmetry of the transversely 
polarized parton subprocess. 

However, one should note that the proposed measurement would be possible only if 
the asymmetry of p mesons were compared to that of directly produced pions (not coming 
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from decays of V mesons). If no such cuts were made (as is the case in the E704 data) 
the method would have to be modified. Another important constraint is the fact that 
the discussed model is a good approximation only in the region of high xp- For smaller 
xp it includes more assumptions and approximations. For example, the asymmetry of 
higher-rank hadrons has not been taken into account. 
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Figure captions 

Fig. 1 Single spin asymmetry of charged p mesons compared to that of charged pions and 
the E704 data [8]. 

Fig. 2 Asymmetries of neutral p and tt. The tt^ asymmetry data are from [9]. 
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